16. Charlton I, Charlton GF. Caring for patients with asthma. Inflammation and coagulation are complex biological pathways that interact with each other in a variety of chronic diseases. Although they are often considered to be distinct processes, it is almost impossible to dissect the one from the other, except at their functional extremes. 1 Activation of the coagulation cascade appears to be common to diverse inflammatory lung diseases such as acute lung injury, idiopathic lung fibrosis, acute respiratory distress syndrome and sarcoidosis. 2 It is no great surprise, then, to find evidence of activation of the coagulation cascade in a chronic inflammatory disease such as asthma. Indeed, several studies over the last 10 years or so have consistently found markers for coagulation in the airways of subjects with asthma. [3] [4] [5] [6] [7] However, taking an informative snapshot of all the relevant team members in coagulation and inflammation in such a setting is a bit like taking a photograph of a 10-car pile-up on a motorway. Such pictures could generate widespread speculation as to the true course of events that led to the disaster. A comprehensive exploration of the presence of various factors governing the balance between coagulation and fibrinolysis, and their relationship to asthma severity has been lacking. In this issue of Thorax, Brims et al (see page 1037) provide a new, more complete montage of the potential family members of the coagulation cascade present in the asthmatic airway. 8 What can we learn from it, and what future work would help us see how inflammatory pileups may be modulated or prevented?
Although glucocorticosteroids are the mainstay of asthma treatment, many of the structural changes that occur in the airways appear to be steroid resistant. 9 10 It is likely, therefore, that some remodelling processes occur independently of inflammation. In subjects with severe asthma, Brims et al reveal that procoagulant factors which might contribute to airway remodelling (see below) persist at elevated levels despite glucocorticosteroid therapy, 8 and are independent of inflammatory cell influx. 5 8 These extrinsic procoagulant factors are probably produced by a local cellular source (eg, epithelium, macrophages or fibroblasts) rather than from circulating cells. 11 12 Additionally, there is increasing evidence of platelet activation in patients with asthma. 13 Platelets have also been observed to penetrate through lung interstitial tissue directly in response to allergen and locate to the airway wall. 14 Because they lack a nucleus, platelets are one of the few cells in the body that are unaffected by glucocorticosteroids.
Further, platelet depletion resulted in the virtual abolition of remodelling events in a murine model of chronic allergic inflammation, whereas some remodelling events (including subepithelial fibrosis and collagen deposition) persisted after continuous administration of a glucocorticosteroid (dexamethasone). 15 Extravascular platelets may therefore also provide a potent stimulatory platform for coagulatory events leading to airway remodelling in the lungs of subjects with asthma that is steroid resistant.
How would mediators of the coagulation/fibrinolytic processes affect the lung? Brims et al suggest that in subjects with moderate asthma there may be a fibrinolytic environment that encourages destruction of the extracellular matrix (ECM) via enhanced plasmin production (eg, through increased tissue plasminogen activator (tPA) and urokinase plasminogen activator (uPA) release, inhibition of plasminogen activator inhibitor-1 (PAI-1) or activation of protein C) ensuring the removal of glycoproteins and activation of matrix metalloproteinases (MMPs). 8 It has been hypothesised that inappropriate activation of this plasmin system would accelerate the production of inflammatory mediators and growth factors that influence processes such as collagen deposition and airway smooth muscle (ASM) proliferation. 16 However, it is difficult to envisage this fibrinolytic scenario occurring in the lungs purely on the evidence gained with this clinical study. Alternatively, the profibrinogenic/antifibrinolytic environment reported here in subjects with severe asthma and also in those with moderate asthma directly after allergen exposure might affect lung function via fibrin deposition or via a soup of coagulation factors involved in remodelling. 3 
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1 Leukocyte Biology Section, National Heart and Lung Institute, Imperial College London, London, UK; 2 Division of Basic Medical Sciences, St George's, University of London, London, UK Indeed, evidence for fibrin deposition has been reported along the luminal surface of distal airways in a patient who died of status asthmaticus and also in experiments using mice subjected to allergic airway inflammation. 3 Experimentally, lung fibrinolysis via the installation of tPA reversed the increase in airways hyper-responsiveness (AHR) in allergenchallenged mice. 3 Further, allergeninduced AHR could be mimicked in separate experiments where mice were exposed to nebulised fibrin. 3 The significance of fibrin deposition in the airways is that it may induce airway closure, leading to an increase in peripheral resistance, a situation that may be confounded by the ability of fibrin to inactivate surfactant. 3 However, it has been suggested that the effects of fibrin deposition are probably not confined to airway closure but that factors of the coagulation cascade most probably also contribute to other remodelling phenomena that increase AHR. 17 Interest in the interplay between coagulation and inflammation in inflammatory diseases gained some respectability after the cloning of a family of G proteincoupled receptors that mediate some of the effects of various coagulation factors on cells. These proteinase-activated receptors (PARs) may account for the biological actions of thrombin, factor Xa (FXa), FVIIa, activated protein C, as well as other endogenous and exogenous proteinases. PARs are expressed by most of the ''interesting'' cells in the airways, such as smooth myocytes, fibroblasts, epithelia at all levels of the airways and inflammatory cells. Activation of PARs on such cells in vitro has generally been shown to exert effects consistent with a role for PARs in disease progression in inflammatory airway diseases. One of the most obvious and consistent findings of Brims et al is that the notable triad of tissue factor (TF), FVII and FX is absent in samples of induced sputum from subjects with severe asthma. 8 Since an index of plasma exudation (a 2 -macroglobulin) suggests that these factors should be present in the ''inflammatory soup'' in proportion to other plasma proteins in these patients, one obvious suggestion is that the ternary TF-FVII-FX complex is bound to cells in the lung, and cannot be retrieved from the airways by this sampling technique. If indeed the TF-FVII-FX complex is bound to local airway cells, then perhaps it is signalling via PAR1/PAR2 and acting as a profibrotic stimulus, as proposed recently in lung fibrosis. 12 18 The absence of TF, FVII and FX in the most severe patients, where many would argue that airway remodelling would be pronounced, is compelling.
Thrombin has been known to cause smooth muscle and fibroblast proliferation for many years; these effects relevant to airway wall remodelling may or may not be PAR dependent. 19 Thrombin has also been suggested to contract ASM and induce inflammatory cytokine expression by airway cells. 19 However, detecting active thrombin in the asthmatic airway appears to be a hit and miss affair. Brims et al found an insignificant trend for increasing thrombin levels with increasing disease severity. 8 Some previous studies have found clear evidence of active thrombin in the airways, either directly or in the form of thrombinantithrombin (TAT) complexes. 5 20 A very recent study detected active thrombin following allergen challenge, suggesting that the timing of sampling may be an important factor. 5 It is also possible that the airways of those with severe asthma-where evidence of baseline plasma exudation is clearest-have an increased capacity to buffer active thrombin by the production of antithrombin and similar molecules. Given the degree of speculation about the contribution of thrombin to the development of asthma, studies of how thrombin activity is regulated in the airways in health and disease are warranted.
The data presented by Brims et al are not easy to come by. Studies of this kind require a coordinated research effort that was previously lacking in the literature. It is a rare privilege to see the snapshot that has been taken for us. To our knowledge, no single study of an animal model has presented similar data. This seems disappointing, in light of the many studies that have shown that manipulation of the coagulation cascade can ameliorate signs of allergic airway disease in animal models. An equally thorough appraisal of the various animal models is warranted if we are to continue to rely on them for insights into respiratory diseases, especially since there is an extensive library of ''off-the-shelf'' anticoagulant drugs whose actions may affect lung remodelling and are therefore worthy of further endeavour.
